Antimony-telluride alloys have received much interest for the applications as phase change materials because of the fact that their crystallization mechanism is growthdominated rather than nucleation-dominated in the widely used Ge 2 Sb 2 Te 5 (GST) materials, and, therefore, they could exhibit quicker crystallization speed.
1,2 Among all antimonytelluride alloys, Sb 2 Te 3 and Sb 2 Te have been intensively studied, but their crystallization temperatures (T c ) are low because of the weak bonds between antimony and telluride, 3, 4 and thus their potential application as phase change materials is limited. During the past few years, various methods have been developed to improve the crystallization ability of antimony-telluride alloys. For instance, antimonytelluride alloys doped with Cu, 5 Ti, 6 or W (Refs. 7) were reported to possess high T c as well as better data retention. Nevertheless, it was also found in the literatures that the amorphous/crystalline resistance ratio or the speed of the crystallization in the alloys could be degraded with increasing doping concentrations. Therefore, it is important to explore other dopants in order to improve the physical properties of the antimony-telluride alloys.
In the present work, Zn has been added as a dopant in binary Sb 2 Te film to increase its amorphous thermal stability. The selection of Zn as a chemical modifier in Sb 2 Te film is based on its inheritable properties, such as low glass transition temperature T g ($149. 4 C) and melting point T m ($419.5 C). It was reported that the impurity with a lower T m is helpful to reduce the joule energy applied in the phasechange memory (PCM) layer, while a low ratio of T g /T m is feasible to improve the crystallization speed. 8 Our previous research 9 also demonstrated that Zn-doped Ge 2 Sb 2 Te 5 films exhibit excellent thermal and electrical properties, i.e., a higher crystallization temperature ($258 C), wider band gap ($0.78 eV), better data retention of 10 yr at 167. 5 C, higher crystalline resistance, and faster crystallization speed compared with the conventional Ge 2 Sb 2 Te 5 . However, how Zn dopant can affect the thermal, structural, and electrical properties of the alloys is unclear, and this is a focus of this paper.
Zn-doped Sb 2 Te films with a thickness of 200 nm were deposited on quartz and SiO 2 /Si (100) substrates by magnetron co-sputtering method using separated Zn and Sb 2 Te alloy targets. In each run of the experiment, the chamber was evacuated to 3 Â 10 À4 Pa and then Ar gas was introduced to 0.25 Pa for the film deposition. Pure Sb 2 Te and GST films with the same thickness were also prepared for comparison. The concentration of Zn dopant in the Zn-doped Sb 2 Te films was measured using energy dispersive spectroscopy (EDS). The sheet resistances of as-deposited films as a function of elevated temperature (non-isothermal) or time at specific temperatures (isothermal) were in situ measured using a four-point probe in a homemade vacuum chamber. The structure of as-deposited and annealed Zn-doped Sb 2 Te thin films was examined by X-ray diffraction (XRD), Raman spectra, X-ray photoelectron spectroscopy (XPS), and Transmission electron microscopy (TEM). Fig. 1 shows the XRD patterns of Zn-doped Sb 2 Te films annealed at different temperatures for 3 min in Ar atmosphere. There is no diffraction peak in the XRD pattern of these as-deposited Zn-doped Sb 2 Te films, indicating an amorphous nature of the films. Moreover, the amorphous phase can be stabilized at the annealing temperature up to 150 C for Zn 14.57 (Sb 2 Te) 85.43 film as shown in Fig. 1(a) . With the Zn content increasing further as shown in Figs. 1(b)-1(e), the amorphous state was kept at a higher annealing temperature to 200 C and then a crystalline phase of Sb 2 Te with a hexagonal lattice (P-3 ml) was observed in these films annealed at 250 C. No other phase can be found in these investigated films annealed at temperature up to 350 C. Moreover, we can see that all the crystalline peaks were suppressed with the addition of Zn, indicating that Zn atoms in the Sb 2 Te film served as a center for the suppression of the amorphous-to-hexagonal phase transition. C, $215 C, $225 C, $252 C, and $258 C, respectively. The T c values of Zn-doped Sb 2 Te films are higher than that of conventional GST films. In the inset of Fig. 2(a) , we can find that T c increases almost linearly with Zn concentration in a wide range from x ¼ 0 to 29.67 at.%. On the other hand, it is found that the crystalline resistances of the Zn x (Sb 2 Te) 1Àx films increase but the amorphous/crystalline resistance ratio is kept at $10 5 with increasing Zn-doping concentrations. These excellent properties are helpful to achieve a lower RESET current and a higher On/OFF ratio of PCM. 12, 13 Compared with pure Sb 2 Te film, the increase of crystallization temperature with Zn concentrations indicates an improvement of the amorphous stability. Nevertheless, higher T c may lead to the raise of the power consumption of PCM SET operation. Thus, proper selection of the film composition should balance the factors of thermal stability of the phase-change film and possible power consumption in order to achieve better data retention. 16 can be observed in the as-deposited films and the films annealed up to 200 C. The relatively broad peak is attributed to the disorder present in the amorphous films. It is clear from the spectra that with the increase of the annealing temperature to 250 C, the broad Raman band is transformed into two sharp peaks (B&C as marked in Figs. 3(a) and 3(b) Fig. 3(e) . Since the electro-negativity of Zn (1.6) is smaller than that of Sb (2.05) and Te (2.1), the binding energy of Zn increases, while that of Sb or Te decreases if Zn is bonded with Sb and Te. Therefore, the shift of the peak position in Sb 3d and Te 3d spectra suggests a significant change of the local chemical surrounding of Sb and Te atoms. In combination with the XRD results where no Zn-Sb or Zn-Te crystalline phase was observed even in the films annealed at high temperature, it is reasonable to conclude that these Zn-Sb or Zn-Te bonds may exist in the amorphous state. The amorphous Zn-Sb and Zn-Te phases with a good thermal stability could improve the thermal stability of the whole film, which is well consistent with in situ R-T test results in Fig. 2(a) . In summary, 
